examine the role of RAP-1 in two distinct LET-60/Ras-dependent cell fate patterning events: 23 induction of 1˚ vulval precursor cell (VPC) fate and of the excretory duct cell. Fluorescently tagged 24 endogenous RAP-1 is localized to plasma membranes and is expressed ubiquitously, with even 25 expression levels across the VPCs. RAP-1 and its activating GEF PXF-1 function cell 26 autonomously and are necessary for maximal induction of 1˚ VPCs. Critically, mutationally 27 activated endogenous RAP-1 is sufficient both to induce ectopic 1˚s and duplicate excretory duct 28 cells. Like endogenous RAP-1, before induction GFP expression from the pxf-1 promoter is 29 uniform across VPCs. However, unlike endogenous RAP-1, after induction GFP expression is 30 increased in presumptive 1˚s and decreased in presumptive 2˚s. We conclude that RAP-1 is a 31 positive regulator that promotes Ras-dependent inductive fate decisions. We hypothesize that 32 Introductionectopic 1˚ cells, and also induce duplication of the excretory duct cell, another cell induction event 149 dependent on LET-60/Ras-LIN-45/Raf signaling. We found that the PXF-1/PDZ-GEF is also 150 required for maximal 1˚ induction, consistent with a role for PXF-1 as the activating RAP-1 GEF 151 in VPC patterning. Furthermore, we find that during response to EGF signal, transgenic GFP 152 expression from the pxf-1 promoter changes from uniform expression across VPCs to increased in 153 presumptive 1˚ cells while decreased in presumptive 2˚ cells. This observation is another 154 confirmation of the re-programming hypothesis and suggests that the activation of RAP-1 is 155 restricted to 1˚ cells during the phase when initial patterning of VPCs is reinforced. Taken together, 156
our results support a model in which a PXF-1-RAP-1 signal functions as a minor parallel input 157 into the major LET-60-LIN-45 1˚-promoting signaling. 158
159

Materials and Methods 160
C. elegans handling and genetics 161
All strains were derived from the parent N2 wild-type strain. Animals were grown at 20˚C 162 under standard culturing conditions on NGM agar plates seeded with OP50 bacteria, unless stated 163 otherwise (Brenner 1974) . Crosses were performed using standard methods. Strain details are 164 shown in Supplementary Table 1 . 165
The let-60(n1046gf) strain undergoes genetic drift upon continuous growth, resulting in 166 increased phenotype strength (Zand et al. 2011 ). We therefore established firm guidelines to ensure 167 consistent results. Immediately upon thawing or construction, strains harboring n1046 were scored 168 and then starved and parafilmed as a reference strain. Bacterially mediated RNAi experiments were conducted at 23˚C on NGM agar plates 201 supplemented with 1 mM IPTG and 50 µg/ml carbenicillin as described (Kamath and Ahringer 202 2003) . In our hands, we typically obtain more robust RNAi results at 23˚C than at 20˚C (Zand et 203 al. 2011 ). All RNAi clones were sequenced to confirm identity. RNAi plates were seeded with 80 204 µl HT115 bacteria harboring clones of C. elegans genes (Source Bioscience) or the negative 205 control luciferase (luc; Shin et al., in preparation) and allowed to grow overnight at room 206 temperature. Late L4 larvae were added to each plate and transferred to a fresh RNAi plate the 207 next day. Founding parents were then removed the following day. Late L4 progeny were scored 208 for the formation of the principal vulva and/or ectopic pseudovulvae by DIC/Normarski optics 2 209 days later. However, as noted above, strains homozygous for the let-23(sa62gf) allele reach 210 maturity at a slower rate, and consequently were scored 4 days after parents were removed. For 211 each experiment, pop-1(RNAi), which confers 100% embryonic or L1 lethality under optimal 212 conditions, was used as a control for maximal RNAi efficacy; animals were only scored from 213 experiments in which 100% lethality was observed. RNAi strains used are included in 214 Supplemental Indeed, the mutations mentioned here, which confer phenotypes stronger than those of rap-1 285 mutations, frequently confer a lack of 1˚ cells altogether. We speculate that these under-induced1˚ cells express insufficient levels of the triply redundant DSL ligands, LAG-2, APX-1, and DSL-287
(Chen and Greenwald 2004) Zhang and Greenwald 2011) to reliably induce the neighboring 288
VPCs to become 2˚. 289
The low penetrance of these rap-1 mutant defects makes the proper interpretation of the 290 function of RAP-1 in VPC fate patterning difficult. Hence, we used a sensitized genetic 291 background, let-23(sa62gf) (Katz et al. 1996) , which is sufficient to induce ectopic 1˚s and are 292 sensitive to perturbation of modulatory signals (Zand et al. 2011 ). The addition of rap-1(tm861) 293 resulted in significantly decreased ectopic 1˚s compared to let-23(sa62gf) alone (Fig. 3A) . We also 294 targeted rap-1 loss in a VPC-specific manner using the let-23(sa62gf); rde-1(ne219) background 295 with the mfIs70 integrated transgene (Plin-31 driving VPC-specific rescue with rde-1(+)). In 296 agreement with our previous findings, VPC-specific depletion of rap-1 resulted in a significant 297 decrease in the formation of ectopic 1˚s ( (Fig. 3D) . However, we found that rap-1(tm861) let-60(n1046gf) double mutant animals 312 no longer responded to gap-1(RNAi) while still responding to lip-1(RNAi) (Fig. 3D) . These results 313 suggest that GAP-1 functions to promote GTP hydrolysis of both RAP-1 and LET-60/Ras related 314 small GTPases. Accordingly, the mammalian GAP1 subfamily of GAPs, orthologous to C. elegans enzyme digest due to the introduction of the concomitant silent BamHI site (Fig. 4B) . 328 rap-1(re180gf) is sufficient to promote ectopic 1˚ cell differentiation (Fig. 4C, D and we used lip-1(RNAi) as a positive control in this study (Fig. 3D) . Unexpectedly, lip-1(RNAi) 334 failed to enhance the ectopic 1˚ induction in the rap-1(re180gf) background (Fig. 4F) . 335
To verify that rap-1(re180gf) was promoting 1˚ VPC transcriptional programs, we utilized two 336 (Fig. 6) . We observed no rod-like larval lethality in rap-357 1(tm861) or rap-1(pk2082) mutants, suggesting that rap-1 is not necessary for induction of the 358 excretory duct cell. 359 360
PXF-1/RapGEF is required for maximal induction of 1˚ cells 361
The Ras superfamily of small GTPases are tightly regulated by GEFs, which promote GTP 362 loading and hence active conformation, and by GAPs, which promote GTP hydrolysis to GDP and 363 hence inactive conformation (Wennerberg et al. 2005 ). While certain mammalian GAP and GEF 364 families have overlapping specificity for both Ras and Rap1, each also maintains unique 365 regulators. Our results (Fig. 3D, above) (Fig. 5D , 390 Fig S6E) . This observation suggested that the activity of RAP-1 is more spatially restricted within 391 in the VPCs than is the activity LET-60, consistent with the modulatory role of RAP-1 compared 392 to the central role of LET-60. Yet, like LET-60 (Dent and Han 1998), RAP-1 expression is uniform 393 throughout VPCs ( Fig. 2A-D) . Consequently, we examined the expression of the putative GEF for 394 RAP-1, PXF-1. 395
A transgenic reporter fusion of the pxf-1 promoter to GFP (PT14G10.2::GFP-I), which includes -396 2394 to +26 relative to the translational start codon of pxf-1 exon 1, expressed GFP in the 397
hypodermis (Pellis-van Berkel et al. 2005). We evaluated dynamic PT14G10.2::GFP-I expression in 398
VPCs before and after onset of LIN-3/EGF induction using the first cell division (Pn.p to Pn.px) 399 as a conservative temporal indicator of induction. Prior to LIN-3/EGF induction, we observed 400 uniform GFP expression in all VPCs (Fig. 7B, C) . After induction, we observed GFP expressionto be increased in P6.p, the presumptive 1˚ cell, and absent in P5.p and P7.p, the presumptive 2˚ 402 cells (Fig. 7D, E) . We therefore hypothesize that pxf-1 expression is dynamically altered in 403 response to the onset of LIN-3/EGF expression. We propose that this regulatory mechanism serves 404 to restrict RAP-1 activation to the presumptive 1˚ cell, while abrogating RAP-1 activation in 405 presumptive 2˚ cells (Fig. 1) . We also found that PXF-1/PDZ-GEF, a Rap1GEF in mammalian cells and in C. elegans, is 420 required to maximally promote 1˚ fate. This function, like that of RAP-1, is also cell autonomous 421 and suggests that PXF-1 functions as the GEF that triggers RAP-1 activation in VPCs. Activation 422 upstream of PXF-1 remains unknown. Interestingly, like many other signaling genes in the VPC 423 signaling network (see Introduction), expression from a pxf-1 promoter::GFP reporter changesafter initial induction. Expression prior to EGF induction is uniform throughout the VPCs, but after 425 induction GFP signal increases in the presumptive 1˚ cell and is extinguished from presumptive 2˚ 426 cells. Accordingly, we hypothesize that as a consequence of transcriptional reprogramming of pxf-427 1 expression, the potential for RAP-1 activation is increased in presumptive 1˚ cells and decreased 428 in presumptive 2˚ cells (Fig. 1) . 
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